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Abstract
This study aims to examine the effect of authentic tasks in group programming education on the
problem-solving skills of secondary school 5th-grade students. A weak experimental single-group
pretest-posttest model was applied to gather data. The study participants consisted of 56 5th grade
students, 25 girls, and 31 boys, studying in a private secondary school in the 2018-2019 academic
year. The "problem-solving skill scale" was applied as a pre-test and post-test to define the
participants' problem-solving skills. There is no statistically significant difference in students'
problem-solving skills (p = 0.657) according to related (dependent) samples t-test results. The
effect size results (d = 0.06) indicate that authentic tasks in group programming education
moderately impact participants' problem-solving skills. There is also no statistically significant
difference by gender (p = 0.212) on students' problem-solving skills. The effect size results (d =
0.09) show that authentic tasks in group programming education have a high effect on participants'
problem-solving skills by gender.
Keywords: group programming, robotics programming, problem-solving skills, authentic tasks,
authentic learning, Lego Mindstorms EV3
Recommended Citation: Ozenoglu, Y. E., & Baltaci, S. (2021). The effect of authentic taskoriented applications on problem-solving skills in robotic programming teaching. In W. B.
James, C. Cobanoglu, & M. Cavusoglu (Eds.), Advances in global education and research (Vol.
4, pp. 1–11). USF M3 Publishing. https://www.doi.org/10.5038/9781955833042
Introduction
In the 21st century, individuals need to access information easily and quickly, adapt to
developments and changes in the technological field, and produce logical results by thinking
analytically (Duran, Özdemir & Kaplan, 2015). Therefore, today's students are expected to have
some skills such as problem-solving, critical thinking, creative thinking, analyzing and
synthesizing, working collaboratively, and thinking systematically (Alkan, 2019), reasoning
(Göksoy, 2018), and effective and efficient use of information and communication technologies
(Sırakaya, 2018). It is thought that these unique skills can be developed by programming education
with various methods and techniques (Saygıner & Tüzün, 2017).
The role of educational institutions is critical in educating individuals under the needs of the
century. The importance of coding education has been noticed in today's world, where information
and communication technologies are increasing. In this context, the curriculum is revised by both
coding education in Turkey and in the world (Akpinar & Altun, 2014). Many countries have
1
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started to prepare the curricula of information technologies according to younger age levels to
develop creative thinking of individuals, increase their problem-solving skills, and ensure
permanent learning (Grout & Houlden, 2014). With this arrangement, it is aimed that individuals
gain algorithm and programming logic, albeit at a basic level (Öndeş, 2016). With the "Information
Technologies and Software Course (Secondary School 5th and 6th Grades) Curriculum" published
by the Ministry of National Education in Turkey, it is aimed for individuals to acquire
computational thinking, collaborative work, and problem-solving skills (TTKB, 2017).
Collaborative learning environments are required for individuals to demonstrate these skills (Uğuz,
2019). Cooperative learning positively affects the process of structuring knowledge, such as
finding a solution to a determined problem and product development by finding individuals
together for a purpose (Carlan et al., 2014). Special and different approaches should be used to
gain programming skills for individuals (Gomes & Mendes, 2007). Many programming
environments are prepared for individuals to program by thinking algorithmically (Denner, Werner
& Ortiz, 2012). The individuals in the teaching programming alongside real-life problems offering
active in process them keep to the creative thinking and problem-solving, such as high-level
thinking skills, authentic learning activities aimed at that formula be used on flow (Sequin, 2019).
In addition, some teaching strategies such as group programming were redesigned according to
the needs of individuals to facilitate programming education (Karaoğlu, 2018).
Group programming individuals work together in pairs to develop the code (Berenson, Slate,
Williams & Ho, 2004). As a result of the literature review, it has been observed that programming
with groups provides a pleasant learning environment by increasing social interaction between
individuals (Kelleher & Pausch, 2005), and individuals develop more functional codes (Arisholm,
Gallis, Dybå, & Sjøberg, 2007). In addition, however, it was concluded that it increased
individuals' motivation towards learning (Hwang et al., 2012). Finally, since programming with
the group is beneficial for beginners (Cliburn, 2003), it has been observed that it effectively
improves individuals' self-confidence and problem-solving skills (Dongo, Reed & Hara, 2016).
There are many easy-to-learn, block-based, entertaining software used in programming teaching
at the primary education level (Yükseltürk & Altıok, 2016). As an example of software; Code can
be given to Game Lab, Scratch, Make Blok, MIT App Inventor, and Microsoft Minecraft
Education Edition. When the studies in which block-based coding tools are used in programming
teaching are examined, the frequently used tools include App Inventor, Scratch, and Alice (Fasy,
Hancock, Komlos, Kristiansen, Micka, Theobold, 2020). Block-based coding tools have
advantages such as easy creation of codes, easy detection of errors (Basawapatna, 2016), and
music, pictures, animation, etc. It enables the concretization of abstract structures by establishing
relationships between algorithms with many multiple supports (Koç, 2015).
Another method used in programming teaching is programming with robots. In programming
activities with robots, individuals can program in block-based coding environments, observe the
results instantly, and realize their learning in a concrete way (Çankaya, Durak & Yünkül, 2017).
As a result of the literature reviews, studies (Kurebayashi et al.2019; Liu, Newsom, Schunn &
Shoop, 2013) have been reached that show that programming teaching using robots is fun. In
addition, robotic programming; studies are showing that it affects affective domain skills (attitude,
motivation, etc.) as well as cognitive domain skills (mathematical and computational thinking,
etc.) (Şişman & Küçük, 2017).
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There are many educational robots that can be used in programming teaching. Examples of
educational robots used in educational environments; Mindstorms Ev3, Spike Prime, Wedo 2.0
developed by Lego company can be given. Lego robotic coding tools contribute positively to
individuals' 21st century skills (critical thinking, problem-solving, creative thinking, etc.)
(Strawhacker & Bers, 2015). Similarly, Blancas et al. (2020) state that, learning using educational
robots offers students the opportunity to solve problems, think creatively, and collaborate.In
learning environments where Lego robotic tools are used, using it for solving real-life problems in
order to increase the programming skills of individuals, it contributes to the analysis of problems
in the cause-effect relationship and then to produce solutions, thus allowing programming to
develop not only success but also problem-solving skills. (Kabatova & Pekarova, 2010).
This study investigates the effect of authentic task-oriented applications on the problem-solving
skills of middle school 5th-grade students in teaching robotic programming with a group. Answers
to the following questions were sought as part of the research:
•
•

Is there a significant difference between the pre-test and post-test mean scores of the
study group students regarding the problem-solving skill scale?
Is there a significant difference between the study group students' pre-test and post-test
mean scores on the problem-solving skill scale regarding gender?

Theoretical Framework
Programming and Teaching Programming
Programming: is the process that occurs as a result of compiling codes by creating an algorithm
according to the rules of this programming language to solve a mathematical or logical problem
(Demir, 2015; Lye & Koh, 2014). When the studies conducted in recent years are examined,
teaching programming is essential in gaining 21st-century skills. Shin and Park (2014) emphasize
that students should be taught programming skills at an early age. Teaching programming has been
revealed that skills such as creative thinking, problem-solving, and critical thinking within 21stcentury skills are developed. However, Wong and Cheug (2020) suggest that more studies should
be done on how many 21st century skills are taught to students. Although learning programming
contributes to the development of higher-order thinking skills of individuals, more efforts are
needed for skill development related to solving problems (Noh & Lee, 2020). For this, individuals
should be able to solve problems, computational thinking, etc., at an early age. To gain many new
21st century skills, solutions based on real-life problems should be presented (Barradas, Lencastre,
Soares & Valente, 2020).
Group Programming
One of the commonly used methods in teaching programming is group programming. Group
programming includes two people. The group is the structure that consists of the fewest people in
which individuals interact in a way that will be affected or affected by each other (Demir, 2019).
Thus, interaction is the main issue in group programming. If anyone cuts off or leaves the group,
the group becomes completely ineffective. Group programming method should be applied
according to specific rules (Nicolescu & Plummer, 2003). The first of these rules is that the group
members must work together to complete the tasks successfully on the same computer. Second,

3
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both members of the group have a role. While the driver is working on the coding, the navigator
should observe the driver, check the codes, and make suggestions to eliminate errors when
necessary. Third, all designs and codes within the application should be decided by the driver and
navigator together. Fourth, group members must communicate continuously to complete the task.
Finally, fifth, the roles among the group members should be changed from time to time so that the
members gain experience in both roles.
Authentic Learning
According to the constructivist learning approach, students learn best by analyzing and then
interpreting the newly learned information with past knowledge and experiences (Scheurman &
Newman, 1998). Active learning is provided when students associate their past knowledge with
new knowledge (Brown, Collins, & Duguid, 1989). When learning is related to real life, students
become more motivated towards the events they encounter in the classroom (Hamurcu, 2016). To
bring about critical changes in education, a new dimension has been brought to the instructional
design with authentic learning by developing activities within the framework of the authentic
context (Young, 1993).
Authentic learning includes teaching techniques that relate the problems in daily life with the
information taught in educational institutions. Authentic learning enables individuals to work
collaboratively (Borthwick, Bennett, Lefoe & Huber, 2007). The primary purpose of authentic
learning is to teach students to find solutions to these problems by presenting real-life problems
and transferring the solutions they find to situations that they may encounter later, instead of
making them memorize a subject to teach a subject (Aydin, 2016).
Problem Solving Skill
Problem-solving begins with experiencing difficulty in achieving a goal (Dewey, 1997). When the
individual encounters any difficulty, he starts to produce solutions for that situation. Problemsolving skill is what decisions should be made regarding the problems encountered and the actions
that need to be taken to reach a solution after these decisions (Aynas, 2018). In other words,
problem-solving skills; can be defined as the mental search carried out to reach the correct result
in situations where a problem is not clear (Martinez, 1998), or as the level of learning all the rules
necessary to reach a solution and using them together to solve the problem (Bilen, 1993; Karaca
& Karaca, 2021). Problem-solving skill consists of six stages (Bilen, 1993): understanding the
problem, defining and limiting the problem, collecting information to solve the problem, forming
a hypothesis, testing the hypothesis, and reaching a solution.
This study aims to see how authentic task-based practices in group programming education affect
students' problem-solving abilities in secondary school. A single-group experimental pretestposttest methodology was used to collect data. The study participants consisted of 56 5th grade
students, 25 girls and 31 boys, studying in a private secondary school in the 2018-2019 academic
year. To collect data, the "problem-solving skill scale" was applied as a pre-test and post-test to
determine the participants' problem-solving skills. The t-test results for related (dependent)
samples demonstrate no statistically significant differences in students' problem-solving abilities
(p = 0.657). Authentic task-based practices in group programming education have a moderate
impact on the problem-solving skills of participants, according to the effect size data (d = 0.06).
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Students' problem-solving skills do not reveal a statistically significant difference by gender,
according to unrelated (independent) samples t-test results (p = 0.212). Authentic task-based
practices in group programming education had a large effect on the 5th-grade students' problem
solving skills by gender, according to the effect size data (d = 0.09).
Methods
Research Model
According to McMillan and Schumacher (2014), in order for the studies to be valid and reliable,
it is necessary to select the appropriate research method for the relevant research. This study
investigates the effect of authentic task-oriented applications on problem-solving skills in robotic
programming teaching; a quantitative research method has been used. In addition, a weak
experimental single group pre-test-post-test design was chosen among the experimental research
methods included in the experimental research methods.
Sample
The study participants consisted of 56 5th grade students, 25 girls and 31 boys, studying in a private
secondary school in the 2018-2019 academic year. In the sampling determination process, one of
the non-random sampling methods included in the sampling methods, the appropriate sampling
method, was used. This sampling method; enables the groups or individuals suitable for the
purpose of the research to be reached more efficiently in terms of time, labor, and money
(Büyüköztürk et al., 2016).
Application Process
The implementation phase consists of 13 weeks in total. First, for six weeks, students were given
a basic beginner-level Lego Mindstorms Ev3 training. Then, activities were carried out within the
basic initial training "5. Robotics Adventures with Class Ev3". In the remaining seven weeks of
the application process, seven authentic missions were included in the Lego Mindstorms Ev3 space
mission set to improve students' problem-solving skills.
Data Collection and Analysis
In order to gather data, the problem-solving skill scale was used. This scale was developed by Ge
(2001) in his doctoral study in the field of teaching systems, and the problem-solving skill scale
translated into Turkish by Coşkun (2004) was applied as a pre-test and a post-test to determine the
problem-solving skills of 5th-grade students. The scale includes a total of 20 items related to 4
problem levels. The reliability coefficient of the Problem Solving Skill scale was found to be 0.84.
The Kolmogorov-Smirnov test was applied to determine whether the data collected in two stages,
pre-test and post-test, have a normal distribution. According to the test result, the data were
distributed normally in the sample group. It was examined whether there is a statistically
significant difference between the students' problem-solving skills scores with the correlated
(dependent) samples t-test. The unrelated (Independent) samples t-test was used to examine
whether there is a statistically significant difference between students' problem-solving skills
scores according to gender.
5
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Findings
First research question of the study was, " Is there a significant difference between the pre-test and
post-test average scores of the study group students regarding the problem-solving skill scale?
Kolmogorov-Smirnov test was conducted to determine whether the data showed a normal
distribution. The data for this test are shown in Table 1.
Table 1. Normality Test
Pre Test
Post Test

Kolmogorov-Smirnov
Statistics
N
0,089
56
0,087
56

Shapiro-Wilk
Statistics
0,971
0,968

p
0,200
0,200

N
56
56

p
0,197
0,148

The p values found as a result of the process are equal to each other and p = 0,200. Since the
significance test result of the Kolmogorov-Smirnov test used for normality test is higher than p>
0.05, the data are distributed normally. In order to determine whether there is a significant
difference between the students' scores before and after the application, the dependent samples ttest was conducted. Test results are included in Table 2.
Table 2. Dependent Samples T-Test Statistics of Pre-Test and Post-Rest Scores of ProblemSolving Skills
Measurement
Pre Test
Post Test

N
56
56

X̄
3,637
3,686

S
0,600
0, 675

sd
55

t
-0,445

p
0,657

When Table 2 is examined students' final test average scores of problem-solving skills (x post test
= 3.686), a pre-test of the average score ( x pre- test = 3.637) seems to be great ( x post test > X
pre- test ). Considering the results of the related samples t-test, there is no significant difference in
the problem-solving skills of the students [ t ( 55) = -0.445, p = 0.657]. Based on this result,
authentic task-oriented applications in robotic programming teaching with groups do not have an
effect on the problem-solving skills of 5th-grade students.
The second research question of the study was, "Is there a significant difference between the pretest and post-test average scores of the study group students on the problem-solving skill scale in
terms of gender variable?" In order to find an answer, unrelated (independent) samples t-test was
used. First of all, Kolmogorov-Smirnov test was conducted in order to test whether the data
obtained from the participants showed normal distribution or not. The data showed normal
distribution feature since the p values before and after the application are higher than 0.05 (Table
3).
Table 3. Gender-Related Normality Test Results Before and After the Application
Pre Test
Post Test

Gender
Male
Girl
Male
Girl

Kolmogorov-Smirnov
Statistics
N
0,131
31
0,118
25
0,100
31
0,112
25

p
0,189
0,200
0,200
0,200

Shapiro-Wilk
Statistics
0,962
0,969
0,966
0,949

N
31
25
31
25

p
0,320
0,627
0,411
0,237

* (p <0.05)

According to Table 3, it is calculated that the average of the pre-test scores of male students in the
problem-solving skill test is X̄m = 3.82, and the average of the pre-test scores of female students
is X̄f = 3.40. As seen in Table 4, according to the results of the unrelated (independent) sample t-
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test, there is a statistically significant difference in favor of males between the pre-test scores [ t (
54) = 2,706, p = 0,009] of the study group students' problem-solving skill scale. (p <0.05), posttest
[t (54) = -1.262, p = 0.212] there is no significant difference in terms of gender variable (p <0.05).
Table 4. Independent Samples T-Test Results of the Pre-Test and Post-Test Mean Scores of the
Study Group Students on the Problem-Solving Skill Scale
Pre Test
Post Test

Gender
Male
Girl
Male
Female

N
31
25
31
25

X̄
3,8224
3,4087
3,7885
3,5604

S
0,58720
0,54457
0,61459
0,73763

sd
54

T
2,706

p
0, 009

54

1,262

0, 212

Conclusions and Discussion
When the results regarding the first question of the study were examined, it was determined that
there was no statistically significant difference. These results were similar to the study results of
Bala (2019), Vatansever and Baltacı Göktalay (2018), Kalelioğlu and Gülbahar (2014), Genç and
Tınmaz (2010) and Dalton (1986) in the literature. In addition, Çınar (2019) stated that there was
no significant difference in problem-solving skills in the object-oriented robot programming study,
which was carried out with the participation of high school students. From this point of view, it
can be said that problem-solving skills do not differ according to grade level. Kalelioğlu and
Gülbahar (2014) also concluded that there is no significant difference in the problem-solving skills
of elementary school students in their programming activities with Scratch. Considering the
Information Technologies and Software course curriculum published by the Ministry of Education
and Discipline in 2018, the total duration of the Programming and Original Product Development,
Problem Solving field in the annual plans corresponds to 11 weeks, 22 lesson hours. The lack of
difference in this study can be shown as seven weeks, 14 lesson hours, and insufficient sample
size. In a study conducted with Lego Wedo 2.0, which was developed by the Lego company and
is more suitable for primary school level, Uğuz (2019) concluded that students' problem-solving
skills were positively affected. As a matter of fact, Lego robotic tools are remarkable (Tse, 2019),
encourage problem-solving (Mojica, 2010), enable learners to experiment (Şişman & Küçük,
2017) and teach by living by taking an active role in the process (Alimisis & Kynigos, 2009)
emphasizes that it encourages students to solve problems with its features. In addition, Nam, Kim,
and Lee (2010) and Calder (2010) concluded that programming education has an important effect
on increasing students' problem-solving skills. In many studies, it has been concluded that
vocational school students' problem-solving and analytical thinking skills are effective on
programming success (Grant, 2003; Pillay & Jugoo, 2005). From this point of view, another reason
why the results we obtained within the scope of the study were different from other studies can be
shown by the selection of the appropriate sampling method.
When the results regarding the second question of the study were examined, it was determined that
there was no statistically significant difference. These results are similar to studies of Tatlısu
(2020), Vatansever and Baltacı Göktalay (2018), Açık (2013), Kasımoğlu (2013), Üstündağ and
Beşoluk (2012) and finally Karaca and Yılmaz(2009). In addition to similar studies, Ülger (2012)
found a significant positive difference in favor of female students according to the gender variable
in her research in which she tried to determine the relationship between creative thinking skills
and problem-solving skills 5th-grade students (n = 108).
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The following recommendations may be given regarding the results of the research:
•
•
•
•
•

•
•
•

Different results can be found by expanding the sample size or adding a control group.
The problem-solving skills of different grade students' can be examined.
The effect of different authentic tasks in robotics and coding courses on different thinking
skills (such as creative thinking, critical thinking, algorithmic thinking) within 21stcentury skills can be investigated.
Studies can be carried out using different training sets (Lego Spike Prime, Lego Wedo
2.0) belonging to Lego company.
By creating an experimental and control group; If there is a difference in terms of
hardware and programming, problem-solving skills between the two trainings can be
tested by using Lego Mindstorms Ev3 in the experimental group and Lego Spike Prime in
the control group.
The scope of authentic task-oriented applications can be expanded, and applications can
be carried out in a longer period.
By giving information about authentic learning and authentic tasks to the instructors who
carry out the courses related to programming teaching, it can be supported to produce
projects related to real-life problems.
Apart from the Robotics and Coding course, research can be carried out by including
authentic task-oriented applications in STEM studies that deal with problems in life.
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